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TITLE OF THE INVENTION 



ARRANGEMENT AND METHOD FOR CONTROLLING TRANSMISSION AND/OR 
RECEPTION OF SIGNALS IN A RADIO COMMUNICATIONS SYSTEM 

CROSS REFERENCE TO RELATED APPLICATIONS 

[0001] This application is based on and hereby claims priority to European Application No. 
03017292 filed on July 30, 2003, the contents of which are hereby incorporated by reference. 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

[0002] The invention relates to an apparatus and a method for controlling transmission 
and/or reception of signals in a radio communication system, especially for application in base 
stations of mobile radio communications systems. 

2. Description of the Related Art 

[0003] In radio communications systems, signals are exchanged between radio terminals 
and base stations via a so called radio interface or air interface. Radio terminals are in general 
mobile or stationary user terminals (UE - user equipments), whereas base stations (NB - Node 
B) are access stations associated with a land based communication network. Examples of 
known radio communication systems are second generation digital mobile radio communica- 
tions systems like GSM (Global System for Mobile Communication) based on TDMA (Time 
Division Multiple Access) and providing data rates up to 100 kbit/s, and third generation digital 
mobile radio communications systems like UMTS (Universal Mobile Telecommunication 
System) based on CDMA (Code Division Multiple Access) with data rates up to 2 Mbit/s. 

[0004] Antenna arrays can be used in any type of system that transmits and/or receives radio 
frequency signals using one or a plurality of antennas. The use of antenna arrays in above 
described systems provides for antenna performance improvements over the use of a single 
element antenna, including improved directionality, signal to noise ratio and interference 
rejection for received signals, as well as improved directionality, security, and reduced power 
requirements for transmitted signals. Antenna arrays can be used for signal reception only, for 
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signal transmission only, or for both signal reception and transmission. Most antenna array 
systems consist of an antenna array and a signal processor that processes the signals go.ng to 
and coming from individual array elements. 

[0005] Thus, an antenna array is composed of a number of so called antenna elements, each 
connected to a radio frequency (RF) transceiver (transmitter/receiver). In reception mode, the 
receivers obtain RF signals from each antenna element and apply a down conversion of the 
received signals to base band signals. In the base band, demodulated signals are then com- 
pared with each other in amplitude and phase. The information on the direction of arrival (DOA) 
of the incoming signal, i.e. the direction of the transmitting station, is contained in the 
relationship between the received signals. In transmission mode, this information is 
subsequently used for beamforming (BF) in the direction of the received signal by correctly 
weighting base band signals for the different transmitters connected to the antenna elements. 

[0006] The procedure described above can only be realized with a certain accuracy if the 
characteristics of the individual transmitters and receivers are known, so that these charac- 
teristics can be taken into account for the DOA and BF algorithms. To be precise, transfer 
functions (in amplitude and phase) from antenna elements to the base band outputs of the 
receivers as well as transfer functions from the base band inputs of the transmitters to the 
antenna elements must be known. During operation these transfer functions are subject to 
parameter variations (drift) of active and passive elements in the transceivers and cables. 
Therefore, transfer functions have to be continuously or at least periodically determined during 
operation of the transceivers. 

[0007] Two different approaches of calibration procedures are known in the art. According to 
a first procedure, a known signal is fed to a test antenna (calibration antenna) which is arranged 
close to or as part of the antenna array (known from US-A-6236839) or is separated from the 
antenna array (known from US-A-5546090). The base band signals carry information about the 
transfer functions of the individual receiver paths, which can then be compared and adjusted. 
This procedure is called RX calibration. 

[0008] According to a second procedure, known signals are fed to the individual antenna 
elements and received by a test antenna. The test antenna could thereby be located as 
described above. 
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[0009] The received signals carry the information about the individual transfer functions of 
the transmitter paths, which are subsequently compared and adjusted. This procedure is called 
TX calibration. 

[0010] Both calibration procedures can be realized either simultaneously, which is a preferred 
solution in systems using frequency division duplex (FDD), or consecutively as preferred in 
systems using time division duplex (TDD). 

[0011] Configurations enabling the above described procedures are shown in FIGS. 2 and 3. 
According* these configurations, a calibration antenna is connected by a duplexer or switch to 
calibration transmitter (TXc) and receiver (RXc) circuits operating in the radio frequency range. 
Signals from/to the calibration antenna are processed in a calibration processor operat.ng m the 
base band. The calibration processor is connected to a beamforming processor that processes 
signals from/to the individual antenna elements (#1 ...#n) of an antenna array of e.g. a base 
station. Coefficients representing the determined variations are stored in lookup tables. 

[0012] In a RX calibration procedure (FIG. 2, the signal flow is presented by broken lines), the 
calibration processor initiates the transmission of test signals from the calibration antenna over 
the air interface to the individual antenna elements of the antenna array. The rece.ved test 
signals are then fed back to the calibration processor by the beamforming processor. Within the 
calibration processor, transfer functions of the individual receiver paths are determmed and 
evaluated and stored in a lookup table in order to be taken into account for normal operat.on of 
determining directions of arrival. 

[0013] in a TX calibration procedure (FIG. 3, the signal flow is presented by broken lines), the 
calibration processor initiates the transmission of test signals from each of the antenna 
elements which are received by the calibration antenna. The received signals conta.n.ng 
information about the transfer functions of the individual transmitter paths are then evaluated m 
the calibration processor and stored in a lookup table in order to be taken into account for the 
normal operation of beamforming. 

[0014] The described procedures suffer from the fact that specialized calibration means have 
to be integrated within each base station, thereby causing additional costs and space 
requirements. 
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[00151 it is therefore an object of the invention to provide calibration arrangements which do 
no suffer from the above stated disadvantages. 

SUMMARY OF THE INVENTION 

,0016] According to a firs, and second aspect of .he inversion, an arrangement and a method 
drolling transmission and/or reception o, signals in a radio communicafion system ,s pro- 
Z. The arrangement -hereby includes fransceMng means and ~ 

transmitted and received radio signals by the antenna elements. 

,00171 The usage of transceiving means normally used for transmission and reception of 

clratL antenna in calibration procedures allow the saving of addflional space and costs 
required for separate calibration transceiving means used in the pnor art. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0010, These and other aspects and features of.be present invention will become more 
apparent and more readily apprecia.ed from .he following descripflon o the preferred 
embodiments, taken in conjunction wflh the accompanying drawings of wh,ch: 

FIG 1 is a block diagram of a radio communication network. 

FIG 2 is a block diagram showing signal flow for RX calibration in an arrangement 

^ fTs is a block diagram showing further signal flowforTX calibration in an 

calibration procedure, communication 
FIG. 6 is a data diagram of the structure of a time frame of a I uu 

SYStem FIG. 7 is a block diagram of the arrangement according to the invention with additional 
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amDlifiers arranged close to the antenna elements, 

HQ 8 is a block diagram o. the arrangement according to .he invention w,.h a plurality o, 
calibraUon processors for simukaneous calibration ,n dfleren, radio frequency bands and 

FIG 9 is a biocK diagram showing the arrangement of FIG. 8 w,.h an optical „nk 
connection between multiplexer means. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 
[0019] Reference will now be made in detail to the preferred embodiments of the present 
Invention, examples of which are illustrated in the accompanying drawings, wherein „ke 
reference numerals refer to like elements throughout. 

,0020] FIG 1 shows the basic structure of a mobile radio communications system, e.g , 
O system. The system Includes a centra, mobile switching center 
,„ ,he public switched telephone network PSTN and other MSCs. Connected to MSC 
o« base station controllers BSC, which inter alia coordinate the sharing of rad,o 
I ,Ls provided by base staUons BTS (Base Transceiver Station). Base stahons BTS 

rZuln is sometimes also called smart antenna, is used for beaming o s,gna,s 
ZZZ * individual user equipments in order to reduce interference caused to s,gna, 
transmissions of parallel connections to other user equipments. 

,00211 An arrangement according to the invention as show, in FIGS. 4 and 8 is based on 

! Lure of FIGS 2 and 3 described above. In contrast to arrangements known ,n the art, 
the structure of FIGS. ^ ^ ^ an , ema 

The switch is realized in the radio frequency in any possible way known to the expert. 
[0022, in the following, RX and TX calibration procedures using arrangements according to 
L invention are described with reference to FIGS. 4 to 9. These procedures can be reaped 
continually or periodically during operation of the transceivers. 
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[0023] in a RX calibration procedure, i.e. calibration of the receiving paths of the 
Lceiver, the calibration processor or an individual source generates test 
band, which are converted into radio frequency band signals by a transmitter TO FIG 4 the 
transmitter on the right hand side) and fed to the calibration antenna via a sw«ch S. After 
transmission over the air interface, .he tes, skjnals are receded by the ind,v,dua, antenna 
elements #1 #n and downconverted in the individual receivers RX into base band s^nals 
" beamformlng processor connected to the transcelving means provides the reeved 
signals tha, contain information about transfer functions of the individual signal paths.c .the 
calibration processor, in which the deferences in receiver characteristics are de *»»»»• 
Lmation about the detertnined deferences are then stored in a RX coefficient «• 
and fed back to the beamforming processor in order to be taken into account for normal 
operation of determining directions of arrival of radio signals from user equipments ,n 
communication with the base station. As coefficients, e.g. maxima o, phase and ampHfude 
differences of coupling coefficients are determined by the calibration processor. 
,0024, I. can be seen from FIG 4 that the arrangement according to the invention makes 
simultaneous use o, the transmitting as we,, as the receiving path of the transfer on the ngh, 
hand side. 

[0025] in a TX calibration procedure, i.e. the calibration of the transmitting paths of the 
livers, the calibration processor or an individual source generates base band test s, als 
ft* are fed to the transmitting means TX of the transceivers via the beam.orm,ng processor. 
The calibration processor is thereby realized within the beamforming processor or as a 
separated unit that is connected to the beamforming processor. 

[0026] The test signals are upconverted into radio frequency band signals by the transmitting 
Leans TX and fed to the individual antenna elements #1 ...#n. After transmission over ft, , a, 
interface, ,he .est signals are received by the calibration anfenna, fed to the receiver RX .a a 
svrt ch S and dowrrconverted in .he receiver RX again into base band srgnals. From .hese 
received tes. signals, .he calibration processor determines differences in 
characteristics and stores information about the determined deferences ,n a TX coeff cent 
,ookup tab,e in order to be taken into account for normal operation of beamform.ng of radio 
signals to user equipments by the beamforming processor. As coefficients e.g. maxima of 
pie and amplitude d«erences o, coupling coefficients are determined by the ca„bra„on 
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[0027, Figure 6 shows the structure of a time frame of a TDD (Time Division Duplex) system 
nown from *e third generation UMTS TDD-LCR (TDD-Low Chip Rate, standard- an me 

Chinese TD-SCDMA standard. The time frame consists o, seven bmeslots TS0...TS6 wh * are 

*ca,ed either in upiinK (t). i.e. from the user equipment to the hase stafion. or ,r , dow* . W. 
e from the base station to the user equipments. After the bra. timasio. TSO. whrch accordm, to 

,he standard is aiways used for downlinK transmission, a ftrst switching point is provided w„h 
special downlink pilot timesio, DwPTS, uplink pilot timeslo. UpPTS and an extended guand 
period gap in between. According to the Invenbon, this extended guard penod gap ,s partly or 
entirely used for the transmission of test signals (in a so called oal frame) for RX and TX 
calibln. As an advantage, the usage of the extended guard period for me 
option o, calibration test signals reduces neither the overall transmission capacfty offhe hme 
frame nor the performance of the system. 

[00201 Afurther arrangement according to the invention is disclosed In FIG 7 In this case, 
ower ampffiers PA, LNAoperafing in the radio frequency range are arranger dose * me 

antenna eLents#1...*t and normally mounted on a tower remotefrom the base stabon. 

^TpT-n,— are often called tower mounted angers. The -neoUon -veen the 
remote power ampltfers and the Uansceivers located in the base stabon ,s teamed e.g. by 

dividua, coaxial cables as shown in FIG 7. Accordingly, also the calibrabon 
Cose to the antenna elements is connected to one o, me transceivers v,a 
not necessary to provide separate power amplifters for the transmission and recepbon o. ' M 

,r nsmKterTXin the transcaiving means. Moreover, the loss ofthe coaxia, cables * ». n* 
have any negative influence on the measurements in genera, and e.g. norse f.ures o, the re- 
ler in this configuration, transmitting and racking pafhs variations taking into account a„ 
receiving and transmuting means can be determined in the calibration processor. 
[00291 Because the transcoding means TX, RX only operate in a single frequency band a, a 
Le, he TX calibrabon procedure is conjured in that the calibration processor conb s the 
transmitting means TX in the, only one transmitting mean TX transmbs .est signais to he 
lra.iJantennaa.abme in orter to separate the received signals* ans TX 
.ranging means TX in .ime. With reference .o FIG. 6, e.g. differen, «ransm,ft,ng means 
transmit consecutively test signals in the transmission gap. 
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■0030] in an RX calibration procedure, test signals are transmitted from the calibration 
LI in a certain frequency band, revived b» a,, receiving means RX a, the same M .and 
analyzed concurrently in the calibration processor. From one time frame ,o another, est signals 
are transmitted in different frequency bands in order to calibrate the transmission and/or 
reception paths for all carriers used. 

[0031] Since the realization of TX and RX calibration procedures for a plurality of frequency 

further implementation atterna..e. Instead o, just one calibration processor and corre^ 

iooKup tables for storing determined coefficients, a number m o, base band srgna, proc*s,ng 

units are realized and connected to the transceiving meansTX, RX e.g. via a base band 

mu l.ip,exe, Preferably, the number of base band signal processing un„ 

beamforming and calibration processors as we,, as IooKup tables, ,s chosen accordrng to the 

number of frequency bands in which the multicarrier transceivers operate. 

10032, The usage of a plurality of base band signal processing unKs enables the application 

7 -Laneous ca ibration procedures in a number o, frequency bands. This could 

Itfhe transceivers TX, RX process m caniers simultaneously and the 
ba „d signals are muKiplexed to d«feren, sfcna, processing unite, each opecabng for a 
frequency band. The signa, processing unHs then reafce a calibration for the ,nd,v,dua, 
frequency bands of the corresponding carriers. 

,0033, in a TX calibration procedure, test signals in dWeren. frequency bands are transmitted 
Icurrenfiy by a number or all fransce,ers. e.g. dependent on the number o, base band s,gn , 
pZsin, unL. These tee, s,na,s are received by the ca,ibra«on antenna anc I re = a,h 
o, one o, the transceivers, and multiplexed to the individual processing unrfs for the drfferen, 
frequency bands. From one calibration procedure to another, the individua, transcerve use 
drfferen, frequencies for the transmission o, the test signal, so that charactensfics of each 
transmitting path can be analyzed for each frequency band in a relatively short ttme. 
,00341 in a RX caption procedure, test signals are transmitted via the calibration antenna 
and received by the individual receiving paths of the fransce*ers. For each frequency band or 
carrier used for transmission of test signals, one of the calibration processors defences 
individual variations of the characteristics of the receiving paths. 
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100351 According to another alternative implementation of the inventive arrangement shown 
in FIG 9 the base band signal processing un«s are connected to n remote transceivers v,a an 
optical link. This optical link arrangement could equally be used instead of coaxial cables 
described with reference to FIG 7. In the case of FIG 9, the base band multiplexer descnbed 
with reference to FIG 8 is divided into a base band transceiver muHiplexer arranged close to the 
tower mounted transceivers and antenna elements, and a base band channel multiplexer 
arranged close to the base band signal processing units, preferably in the base statton. The 
optical link is thereby realized by optical transceivers connected to the multiplexers and one or a 
piurality of optical cables. Advantage of the use of optical links instead of coaxial cables are e.g. 
that a smaller number of cables have to be installed for the connection between the base statton 
and the remote, tower mounted transceivers and antenna elements, and that less inseraon 
losses occur. 

[0036] The invention has been described in detail with particular reference to preferred 
embodiments thereof and examples, but it will be understood that variations and modifications 
can be effected within the spirit and scope of the invention covered by the claims which may 
include the phrase "at least one of A, B and C» as an alternative expression that means one or 
more of A, B and C may be used, contrary to the holding in Superguide v. DIRECTV, 
69 USPQ2d 1865 (Fed. Cir. 2004). 
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